ial regions mediate contextual associations, provides a framework that bridges those seemingly unrelated interHarvard Medical School Charlestown, Massachusetts 02129 pretations.
Both of these foci were bilateral and consistent across all subjects (Figure 3 ). An additional site of significant differential activation in the comparison between Strong and Weak CA objects was found in the lateral occipital cortex (LO: Ϫ49, Ϫ72, 13). This focus, however, was pronounced in the condition where the contextual objects appeared with background (Strong CA These results demonstrate that the perception of individual, highly contextual objects in isolation is sufficient and given that the results were completely bilateral, only to elicit robust context-specific activation in the PHC information about the left hemisphere is provided in as well as in the retrosplenial cortex. A separate experidetail.) ment of contextual associations, which otherwise adInterestingly, this parahippocampal focus of contextdressed independent issues, resulted in similar activaspecific activation was located practically at the same tion pattern. In this other experiment (Experiment 2), coordinates as the site that has previously been reported rather than presenting "key" objects, each of which was to respond selectively to houses and other environmenstrongly associated with a different and unique context, tal landmarks (Aguirre et al., 1996), termed the parahipwe presented blocks of pictures in which all objects pocampal place area (PPA) (Epstein and Kanwisher, shared the same context ( Figure 5A , top). Twelve sub-1998). The coordinates reported as reflecting the center jects participated in this experiment. Unlike Experiment of the PPA were (Ϫ28, Ϫ39, Ϫ6), and similar coordinates 1, where stimuli where presented for 1700 ms each, were reported in other studies (Aguirre et al., 1998; Levy stimuli here were presented for a duration of 400 ms et al., 2001). That context activated a cortical area implionly. Contextually related objects, compared with concated in processing place-related information raises imtrol objects that were not contextually related to each portant questions and may be interpreted in several other, elicited activation in the same PHC and retroways, as elaborated later.
splenial sites as in Experiment 1 ( Figure 5B ). A second focus of activation was found in the retroHouses can be seen as highly contextual objects, and splenial cortex (Talairach coordinates: Ϫ15, Ϫ53, 9; ocwe therefore decided to test directly whether activity cupying 332 mm 2 of cortical surface), immediately supefor houses, previously used to define the PPA, may be rior to the anterior calcarine sulcus. Not much is known explained as contextual activation. This follow-up exabout this region thus far, but it has often been impli- All statistical maps presented here are bidirectional in that they were designed to detect both positive and negative contrasts. Therefore, the lack of blue-colored voxels implies that, under these conditions, there were no significant voxels where Weak CA objects elicited significantly higher fMRI signal than Strong CA objects. Furthermore, note that in all experimental conditions, subjects viewed similarly looking color photographs of meaningful, everyday common objects that were equally recognizable. Consequently, activation due to low-level processes was subtracted out, and the differential activation maps shown here presumably represent only processes that are related to level of contextual association. The PHC focus is circled in white and the retrosplenial focus in black.
were also differentially active for indoor and outdoor houses and the visually and semantically diverse objects in the Weak CA condition. This comparison verifies the complete scenes. Figure 6 summarizes this experiment and compares similarity between the previously reported PPA and the PHC site we obtained here, and it further supports our its results with those of Experiment 1. All contextual conditions, with no exception, elicited significant differproposed reinterpretation of the role of this region within the PHC as more closely related to contextual proential activation in the retrosplenial and PHC foci. Note the additional negative (blue) voxels in the comparison cessing. between houses and Weak CA objects. We propose that this activation, which is confined mainly to occipital Contexts, Places, or Both? Given that the PHC and retrosplenial foci we obtained visual areas, is the result of the many perceptual and conceptual differences between the esoteric blocks of have previously been associated with the perception of . If the activation in the PHC and retrosplenial sites mediates solely the processing of place-related informathat were also highly associated with specific places. For example, a hardhat is associated with a construction tion, one would expect to see no significant differential activation in these foci for nonspatial associations. site, an oven with a kitchen, a roulette wheel with a casino, etc. Therefore, it may be conceivable that perWe initially conducted this experiment with identical instructions to those of Experiment 1, where participants ceiving the contexts indirectly activated the corresponding places and, consequently, elicited cortical activation were simply required to recognize each picture. Under these conditions, only the objects in the spatial condition in a region that has been associated with the perception of places (PPA) and the retrosplenial cortex. To the best elicited significant differential activation in the PHC and in the retrosplenial cortex. This result may suggest that of our knowledge, such indirect cortical activation of place information by individual, nonlandmark objects the PHC and retrosplenial sites process only placerelated contexts. Alternatively, this result may indicate has not been reported before. (The PHC has nevertheless been shown to be activated when people imagine that while spatial contexts are activated automatically during object recognition, nonspatial contexts are actispecific, previously studied places and landmarks [O'Craven and Kanwisher, 2000], demonstrating that the vated only when the task requires so explicitly. Consequently, we modified the experiment such that subjects physical presentation of an actual stimulus is not essential for activating this region.) became aware of the two possible context types, spatial and nonspatial, and were required to recognize the acAn alternative interpretation is that the PHC and retrosplenial foci mediate the representation and processing tual contexts rather than the objects. Both spatial and nonspatial contexts elicited signifiof familiar contextual associations in general, rather than places per se. Indeed, in many cases, sets of associacant differential activation in the PHC and the retrosplenial cortex ( Figure 7B ), supporting our hypothesis that tions implicitly or explicitly correspond to places. However, what is proposed here is that the PHC and retrothe PHC and retrosplenial sites mediate the general analysis of contextual associations, and not only of splenial processes are not limited to place-related information, but they also involve nonspatial object asplace-related information. There are several reasons to believe that the activation sociations (e.g., romance, music, crime) where sets of objects that typically share the same context are associelicited by the nonspatial contexts is indeed a result of activating the corresponding nonspatial associations, ated with each other, but not necessarily with a specific place or specific spatial relations.
and not merely a relatively weak activation of spatial associations. First, after scanning, subjects filled a deTo distinguish between these two alternatives-"place" activation by contextual objects versus contexbriefing questionnaire designed to ensure that they have indeed recognized the contexts correctly. Second, the tual activation by place-related stimuli-we designed an experiment that compared the cortical activation elicited PHC and the retrosplenial were not significantly acti- vated in the nonspatial condition of the initial version of 7C). As can be seen, the spatial contexts resulted in a stronger fMRI signal in a relatively posterior part of the this experiment, where subjects were not required to extract the context explicitly, although they were signifi-PHC focus, whereas the nonspatial contexts elicited signal that peaked in a more anterior part of this focus. cantly active in the spatial condition. Finally, the spatial and nonspatial contexts elicited activation that concenThis specific result suggests that the representation of associations in the PHC is organized along a hierarchy trated in different, nonoverlapping subregions of the PHC, and we therefore analyzed them separately (Figure of spatial specificity, where posterior representations are relatively more spatially specific, whereas the antesigning two different and seemingly unrelated functions to the same cortical regions may appear conflicting at rior representations are relatively more abstract. It is first. The present proposal that the PHC and the retrointeresting that the location of the posterior ROI, which splenial cortex mediate processing of contextual associwas more active for spatial contexts, reflects more ations, however, provides a framework for bridging closely the previously defined PPA than the anterior ROI. these sets of findings. Both spatial information and epiFurthermore, when the PHC region activated by houses sodic memories rely on familiar associations. Consein Experiment 3 was projected as a ROI and analyzed quently, a reasonable explanation for why studies of in the data obtained in the present experiment, spatial episodic memory as well as studies related to navigation contexts indeed elicited in this ROI activation that was activate similar regions is that they both entail the activasignificantly higher than that elicited by nonspatial contion of familiar associations, which, as suggested here, texts (t 12 With its sugcontrol stimuli happen to have been homogenous in gested role in associative processing, the parahippotheir largely black-and-white appearance. Therefore, the campal cortex may project to the hippocampus essenoccipital differential activation may reflect the difference tial input for processing autobiographical memories and between the visually diverse contextual objects and the familiar episodes. Along these lines, the PHC represents gray-looking control images. Although this difference general associative knowledge built through experience was a nonintentional aspect of the design, it helped (e.g., "which objects tend to appear in a kitchen"), and reveal which cortical areas are active when the objects a later stage at the hippocampus represents episodic in the two conditions differ also in visual properties, in instances of this knowledge (e.g., "which objects appear addition to their main difference in level of contextual in my kitchen") (Buckner, 2000). Our findings with regard association. Second, the task here was different than to the hippocampus support this hypothesis; while the in the previous experiments in that subjects were reobjects elicited hippocampal activation when compared quired to identify the context rather than recognize the with fixation baseline, there was no significant hippoobjects. Future research may be required to determine campal activation when we compared the perception whether any aspect of the observations we report here of highly contextual objects with the perception of Weak is a result of this difference in task requirements.
CA objects. The same comparisons have nevertheless To summarize, this fourth experiment indicates that elicited significant activation in the PHC. These results the PHC and the retrosplenial mediate the processing suggest that the objects in both conditions have elicited of both spatial and nonspatial associations. a comparable amount of personal episodic memories, which subsequently were subtracted out and hence
Contextual Associations as a Bridge between
showed no significant differential activation in the hippoEpisodic Memory and Spatial Representations campus. Because the objects in the two groups differed More than in any other process, the PHC has been rein the amount and strength of general contextual associpeatedly implicated in two different functions: proations, however, they activated the PHC regardless of (A) Objects in the spatial condition were associated with place-specific contexts such as office, street, and playground. Objects in the nonspatial condition conveyed contexts such as strength, birthday, and cosmetics. The nonspatial contexts were not strongly associated with specific places, but they were nevertheless strongly associated with typical sets of objects. Average reaction time for recognizing spatial contexts was 805 ms and for recognizing the nonspatial context was 875 ms. That they were not significantly different from each other (t 10 ϭ Ϫ1.221) indicates that there was no difference in difficulty between extracting spatial and nonspatial contexts. Both these contextual conditions were compared with a third condition, not depicted here, of Weak CA control objects. 3.125 ϫ 3 mm 3 voxels and it centered on Ϫ30, Ϫ35, Ϫ9. In the posterior PHC, spatial contexts elicited a signal that was significantly higher than this elicited by Weak CA objects (t 10 ϭ 4.389; p Ͻ 0.0007 in the left hemisphere), whereas the signal increase elicited by the nonspatial contexts in this region failed to reach significance (t 10 ϭ 1.321). In the anterior PHC, on the other hand, the nonspatial contexts elicited a signal that was significantly higher than this elicited by Weak CA objects (t 10 ϭ 2.039; p Ͻ 0.04), whereas the spatial contexts failed to reach a significant difference in this anterior PHC region (t 10 ϭ 1.464). As can be seen in the lowest panel, exactly the same trend was obtained also in the right hemisphere. The specific posterior/anterior analysis was post hoc and the ROIs were defined on functional data. Because this result is central to our interpretation of the role of the PHC and the retrosplenial cortex, we performed three additional analyses, examining the same issue using different methods. First, we redefined the PHC posterior/anterior sections based on anatomical information only. In other words, for each subject, we split the parahippocampal gyrus and collateral sulcus in half, creating equal posterior and anterior parts and using those halves as the two ROIs in the analysis. The results of this anatomically based analysis confirmed our previous finding in that spatial contexts activated the posterior part significantly higher, and the nonspatial contexts activated the anterior part significantly higher [a significant interaction between posterior/anterior and spatial/nonspatial: F(2,102) ϭ 3.10; p Ͻ 0.05]. In a second analysis, we split the data in two such that, for each subject, half the data was used for defining the ROIs and the second half of the data was used to perform the statistical analyses (i.e., crossvalidation). The total experiment consisted of six scanning runs; therefore, three runs were included in each half of the analysis. the image presented to them. In Experiment 4, during contextual mal spherical surface. The pattern of cortical folds was then represented as a function on a unit sphere. Next, each individual subject's blocks, subjects' task was to press the button when they recognized the context that each object represented. In the Weak CA blocks, spherical representation was aligned with an average folding pattern constructed from a large number of individuals aligned previously. subjects had to press a button as soon as they recognized the object.
This alignment was accomplished by maximizing the correlation between the individual and the group, while prohibiting changes in In Experiment 2, there were 20 blocks of contextually related objects (four for each of the five main categories). Half of the pictures the surface topology and simultaneously penalizing excessive metric distortion (Fischl et al., 1999) . in this experiment were with and half were without background, in both contextual and control conditions. Each block consisted of 12
Region of Interest (ROI) Analysis
The voxels chosen for an ROI were constrained both functionally and presentations of pictures. Each picture was presented for 400 ms with a 1600 ms interstimulus interval. There were 119 different picstructurally. The structural constraint was based on hand labeling of the PHC for each subject. The functional constraint was based on tures in the contextually related category and 119 pictures in the control condition. the voxels that were activated by any component of the task as revealed by the main effect (all versus fixation contrast), with a In Experiment 3 there were five different conditions: Weak CA, contextually related objects in isolation, Houses, Indoor Scenes, threshold of p Ͻ 0.01. Only voxels that elicited signal change in a positive direction when compared with baseline were included for and Outdoor Scenes. There were a total of 100 different pictures in each condition, except for Weak CA, which had a total of 60 different analysis. All the voxels that met those constraints were averaged together, and contrasts of interest (COIs) were then computed on the pictures. Each block of pictures consisted of ten consecutive picture presentations (five different pictures presented twice in a random resulting time courses. The COIs were not biased by the functional constraint because the contrast used in the functional constraint order). The contextually related blocks contained five different objects sharing the same context. Each experimental block contained did not favor one condition or set of conditions over another. In defining the ROIs for Experiment 3, we used the functional activation pictures from a single experimental condition (e.g., Houses). Each picture was presented for 1700 ms with a 300 ms interstimulus in the PHC and the retrosplenial cortex from Experiment 1 to choose the voxels to be included in each ROI. Once defined, the appropriate interval. The experiment consisted of nine consecutive scans. The experimental blocks and the fixation blocks were homogeneously ROI was then projected to each of the individual subjects for the necessary computations. In defining the separate posterior and andistributed within each scan. The subjects' task was to press a button as soon as they recognized the image presented to them.
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